Entropy generation and dual solutions are rarely studied in the literature. An analysis is attempted here. More exactly, the present paper looks at the impact of radiation of a micropolar fluid on mixed convective flow containing the titanium alloy Ti6Al4V nanoparticle along with a Riga plate. The study of dual-nature solution for the entropy generation along a Riga surface was not being explored in the literature; therefore, the current model focuses on the dual solutions of this complex nature model. Riga surface is identified as an actuator of electromagnetic in which electrodes are accumulated alternatively. This array produces the behavior of electromagnetic hydrodynamic in the flow field. The transmuted leading equations were worked out through the formula of 3-stage Lobatto IIIA. Influences of exercising enormous parameters on temperature distribution, velocity, and micro rotation fields are portrayed and argued. More than one solution is achieved in opposing flow, while in the phenomenon of assisting flow result is unique. Moreover, due to the micropolar parameter, the separation of the boundary layer is decelerating. It is determined that the entire structure produces the dualnature solution of the phenomenon of stagnation point flow, and the temperature profile behavior shows the significant enhancement in the thermal conductivity due to the addition of the nanoparticle. The results exposed that liquid velocity is enhanced, and micro rotation is decelerated, by improving the values of Hartmann numbers in both solutions, whereas the temperature field is decelerated in the first solution and accelerated in the second solution.
Introduction
The topic of non-Newtonian liquid is a defying and inspiring area, as it encloses plenty of imperative problems from the processing of biomedical food, petroleum, polymer, and chemical industries. Models of non-Newtonian liquids are relatively valuable to exemplify the flow of commonly used liquids, existing naturally or processed, like slurries, motor oils, volcano lava, biological liquids, paste, and polymer liquids. The dilute suspensions macro-molecules rigid through motion were grasped by micropolar fluid and their individual body moment and stress which are related to spin inertia. The theory of micropolar fluid was introduced by Eringen [1] ; it describes a group of fluids that demonstrated certain characters of microscopic occurring from micro-rotation and the local formation of the liquid components. These liquids include dilute suspensions of rigid macro-molecules through motions of individuals that carry the stress and moment of the body which are affecting through spin inertia. Mohammadein and Gorla [2] investigated the impact of viscous dissipation on liquid motion of micropolar liquid from an expanded sheet with heat generation. The time-dependent mixed convective flow near a stagnation-point involving non-Newtonian micropolar liquid through a vertical surface was examined by Lok et al. [3] . They discussed the assisting flow, as well as opposing flow, of the cases of small-time and large-time solutions. Aman et al. [4] scrutinized the impacts of slips on mixed convective flow toward a stagnation point through a vertical sheet. They observed that the multiple solutions are attained for a certain amount of buoyancy constraint for opposing flow only, while the solution is unique in the case of assisting flow. Turkyilmazoglu [5] discussed the characteristic of heat transfer involving micropolar fluid from a permeable stretching sheet. Analytic solution of unsteady flow of micropolar liquid by Newtonian heating was found by Hussanan et al. [6] . Waqas et al. [7] explored the influence of magnetohydrodynamics (MHD) flow of micropolar liquid through moving sheet along forced convection, thermal radiation, and heat flux. Das and Duari [8] inspected the influence of chemical reaction on the liquid movement of micropolar liquid containing nanomaterial from an overextended sheet. Combined possessions of MHD and viscous dissipation on liquid flow of micropolar liquid containing nanofluid to a stretched surface were scrutinized by Hsiao [9] . Recently, the analytical solution of micropolar liquid through mass and heat transfer by Newtonian heating was explored by Hussanan et al. [10] .
A metallic liquid or solid that may be compiled from a combination of homogenous/ non-homogenous of two or more metalloid either nonmetals or metal nanometer size elements are known as a mixture. In modern times, they can be utilized in order to convey the definite physical character of mixtures. The examples of alloys are gold, steel brass, solder, and phosphor bronze. Alloys have been used in a variety of applications, e.g., technologies in aerospace science and advanced powder, processes of a hip-joint substitute, implantation through surgery, and many biological treatments. In addition, alloys are employed in the handling of fabrication systems, production of hot and cold rolled sheets, and many more. These alloys also maintain the savings weight in model of smaller strengthen the place of aerospace type steel and aluminum. More about alloys and their applications can be seen in [11] [12] [13] . Afterward, many researchers [14] [15] [16] [17] [18] showed the theoretical, as well as experimental, explorations with different effects and geometries on flow of titanium alloys. In addition, in the equipment of heat transfer, liquids are frequently used as heat transporters [19, 20] .
In equipment of heat transfer, liquids are frequently used as heat transporters. For example, heat transfer liquid shows a vital responsibility in numerous manufacturing applications in engineering, such as polymer, microelectronic, and automotive industries. In the heat-transfer process, thermal conductivity of liquids is significant in the equipment of the transfer rate of heat at the surface [21, 22] . However, the regular heat transported of solutions, such as oil, toluene, and water, is generally insufficient for the rate of transferring heat. The thermal conductivity of a metallic solid like gold is greater compared to regular liquid, like oil. Thus, metallic fluids have extra thermal conductivity associated with nonmetallic fluids. As a result, several researchers endeavored to dispense metallic solid/liquid particles in regular liquids, to improve the heat-transfer rate and thermal conductivity. Maxwell [23] showed that the thermal conductivity of nanoparticles improved due to solid particles of volume fraction, taking into account the spherical particles in the analysis of flow. However, when micro and mini-sized particles merge with the regular fluids, the liquid flows can have blockage problems. Consequently, extremely small amount of particles is required to dispense in the solutions, to make them free of blockage troubles. Choi [24] was the first one who utilized the concept of nanofluid that submits to the liquid in which extremely small-sized (<50 nm) particles dispersed into regular liquids. However, the present technology is adequate to assemble nanoparticles of 10nm. Afterward, Pop and Khan [25] discussed the boundary layer flow containing nanoliquid from stretched surface. Mabood et al. [26] found that water-based Al 2 O 3 nanoparticles give a wider velocity boundary layer compared to water base copper nanoparticles. Nonlinear radiative heat transfer containing water-based copper and silver nanoparticles on mixed convective flow was investigated by Hayat et al. [27] . Du and Tang [28] scrutinized the properties of plasmonic optical nanoliquids involving gold nanoparticles, taking into account of different sizes and shapes. Recently, Zaib et al. [29] argued the effects of binary chemical reaction and activation energy on flow of Williamson nanoliquid through a plate with energy condition.
Flow of electrically conducting liquid, for example electrolytes, fluid rails and plasma, etc. can be managed through pertaining MHD. These flows have remarkable applications in geophysics, sensors and engineering etc. Magnetic and electric fields are required to direct and control the liquid flow. These kinds of flow are described as EMHD flow. Riga plate is one of the devices is utilized in this regard. The influence of EMHD (Electro-magneto-hydrodynamic) has an important character in act of momentum and the consequence detected in micro-coolers, thermal reactor, chromatography of liquid and controlling the flow in network of fluids. In 1861, Gallites and Lilausis [30] considered Riga surface to produce and pertained electric and magnetic fields in order to manage fluid flow which accordingly creates Lorentz force equivalent to the wall. Magyari and Pantokratoras [31] examined the flow from a Riga plate enclosing low electrical conductivity. From a Riga plate, the entropy analysis was scrutinized by Abbas et al. [32] , in the presence of nanomaterials' fluid flow. The impact of chemical reaction on squeezing flow from a convectively heated Riga surface was examined by Hayat et al. [33] . Recently, Iqbal et al. [34] utilized Keller box procedure to obtain the numerical solution of melting heat-transfer flow comprising nanomaterial through the Riga surface with irregular thickness.
The idea of entropy generation is incredibly imperative to examine the problems of heat transfer. Minimization of entropy cohort has been widely wrapped by Bejan [35] particularly, in the fields of freezing, heat transfer, conversion of thermal solar power, and storage. The minimization technique of entropy generation is utilized to improve the devices of thermal manufacturing for efficiency of higher energy. Aiboud and Sauoli [36] discussed the influence of entropy generation in viscoelastic electrically conducting flow from a wide elastic sheet. The effect of velocity slip on flow toward a convectively heated vertical surface was presented by Butt et al. [37] . Noghrehabadiet al. [38] investigated the heat generation/absorption effects on fluid flow comprising nanofluid through a stretched sheet with entropy generation. Abolbashari et al. [39] scrutinized the entropy generation on the slip flow of Casson nanofluid induced by convectively heated stretched sheet. Entropy generation involving non-Newtonian Jeffrey liquid in the presence of nanomaterials induced by stretched sheet with zero flux was surveyed by Rehman et al. [40] . Recently, Azhar et al. [41] discussed the entropy generation through an unsteady MHD fractional flow of Couette liquid in a rotating frame with exponentially heating walls.
The configuration of micropolar liquid with titanium alloy nanomaterial composes the more complex mixture compared to regular nanoliquids. Therefore, we planned to explore the mixed convective flow containing micropolar titanium alloy nanomaterial from a vertical Riga plate through an entropy generation with thermal radiation. Exercising via the formula of three-stage Lobatto IIIA computationally on the established similarity equations, to find more than one result (dual solutions). The influences of the significant parameters have argued in detail through the help of the tables and the graphs.
Construction of Problem
The contemplate of a steady mixed convective flow near a stagnation-point involving micropolar liquid comprising water-based titanium alloy nanomaterial from a Riga plate with thermal radiation and entropy generation is scrutinized. We have considered the Cartesian coordinates x-y system, where x is taken along the Riga surface and y is normal to it. We deem that the ambient velocity and temperature are taken to be linearly (ȗ ∞ (x) = cx) and T w (x) =T ∞ + bx withT w (x) >T ∞ , respectively, whereT ∞ , c, and b correspondingly stand for the ambient temperature and positive constants. Additionally, an irregular array of electrodes gathered with the permanent magnets on the surface of the plate presented in (Figure 1 ), using Riga plate. These arrays generate a resistive-type force known as the Lorentz force. This force is parallel to the plate's surface and declines exponentially in the horizontal way to the surface, after exercising via the Boussinesq approximation, along with a boundary layer approximation. The condition in the model was used to create the following leading system of equations (Equations (1) to (4)) [42, 43] .
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The physical conditions of the boundary are as follows: The physical conditions of the boundary are as follows:
In the aforementioned equations,y− andx− are axes direction, and the velocity component is represented byv andȗ, respectively. β n f , g, J 0 , d,M 0 ,κ,ρ n f , andμ n f , are the nanofluid thermal expansion, acceleration caused by gravity, the applied current density in the electrodes, electrodes and magnets width, magnetization of the permanents magnets, vortex viscosity, nanofluid density, and nanofluid dynamic viscosity, respectively. Furthermore,n stands for the micro gyration parameter; j is used for the micro inertia density,α n f shows the thermal diffusivity,γ n f presents the spin gradient viscosity,T displays the temperature; andN is the micro rotation vector. Thus, by the well-known interpretation that then parameter varies in the closed intervaln ∈ [0, 1], whereas by special imposed conditionn = 0 signifies the strong concentration,n = 0.5 suggests as weak concentration, and the turbulent flow is found for the valuen = 1.
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Using the Rosseland approximation, the radiative heat flux can be calculated as follows:
whereσ * andk * denotes the constant of Stefan-Boltzmann and the coefficient of mean absorption. It is acknowledged that the flow is tiny in comprising the temperature differences, in showing that the mathematical formulation of T 2 2 may be articulated as a degree one function of temperature. Thus, by exercising the Taylors series forT 4 about a pointT ∞ and vanished the higher order term, we get Equation (7):
The standard of nanoparticles equations forρ n f ,α n f , (ρc p ) n f ,μ n f , k n f /k f ,γ n f , and (ρβ) n f are as follows:ρ
where φ stands for the nanoliquid volume fraction;k f andk s portray the thermal conductivity of regular liquid and nanoliquid;ρ s andρ f show the density of nanoliquid and the base fluid; and (ρβ) s and (ρβ) f represent the thermal expansion of nanoliquid and base fluid coefficients, respectively. We utilize the transformation called the similarity, as mentioned below, in Equation (9):
By applying Equation (9), Equations (2) to (5), by utilizing Equations (6) to (8) are transmuted to the following equations:
Along the renewed boundary conditions, we get the following calculations:
In overhead equations, dimensionless constant parameters and numbers are as follows: micropolar is K, buoyancy is λ, Grashof is Gr x , Reynolds is Re x radiation is R d , modified Hartmann is Q, dimensionless is Λ, and Prandtl is (Pr).
The skin friction coefficient and the Nusselt number are calculated as follows:
Using Equations (8) and (9), we attain the following:
Entropy Analysis
Analysis of entropy generation with micropolar fluid holding titanium alloy nanomaterial with thermal radiation is engraved as follows:
Volumetric entropy number is characterized as follows:
In dimensionless form, we get Equation (8):
where Ω = ∆T/T ∞ is the dimensionless difference of temperature, Br =μ fȗ 2 e /k f ∆T is the Brinkman number, and Re L = cL 2 /ν f is the characteristic length based Reynolds number.
Results and Discussions
The transmuted mixed convective problem described in Equations (10) to (12) through boundary condition in Equation (13) has been computed numerically via the formula of three-stage Lobatto IIIA. The influences of physical parameters on velocity and micro-rotation profiles, temperature distribution, along with the corresponding Nu x Re −1/2
x and C f x Re 1/2
x , is established and portrayed graphically via Figures 2-22 . Now, at this point, we can take the value of the micro gyration parameter is equal to 0.5. The feature properties of the regular and particle fluids are exemplified in Table 1 . The authenticity of our computational results were invoked in Tables 2 and 3 for F (0) and −θ (0), and we found a tremendous agreement as compared to old one. 4 observe the impression of micropolar parameter K on micro rotation, velocity profiles, and temperature distribution. The larger values of K decline F (η) and micro-rotation fields in the upper-branch solution, as well as in the second-branch solution, while the temperature distribution augments for K in both solutions. Physically, due to escalating viscosity, microelements therefore continuously encourage and slowdown in the flow nearby the plate. From these plots, the significant growth in the behavior of thermal and momentum boundary layer thicknesses is noticed as K grows in first and second solutions. It is also perceived that the plots are larger in non-viscous liquid (K 0) compared to viscous liquid (K = 0). Figure 5 explains that the liquid velocity shrinks when φ rises in the first solution, while the graph shows escalating behavior in the second solution. Physically, it indicates that the φ raises the k, which consequently shrinks the momentum boundary layer. However, the graph of micro rotation ( Figure 6 ) displays a decreasing trend with the enhancement of φ in both branches. In contrast, the temperature (Figure 7 ) and boost-up thermal boundary layer due to φ in upper solution while in lower solution reverse trend is examined. This means that φ improves the element-to-element distribution. Physically, as the φ of titanium alloy nanomaterial grows the thermal conductivity, it improves the thermal boundary layer by making it finer in the upper branch. The variations in the material, size, shape, and concentration nanoparticles, allow for alteration to boost up the energy of absorption, using via the volume of fluid, since the φ depends on the magnitude of the particle. Escalating the φ results in raising the coefficient of heat transfer.
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Concluding Remarks

Here, the impact of thermal radiation on mixed convection flow of micropolar liquid comprising titanium alloy nanomaterial over a Riga plate with entropy generation is discussed. More than one solution is obtained in opposing flow by using the formula of three-stage Lobatto IIIA. The key points monitored from the current flow problem are enlisted below:
The dual solutions are attained in opposing flow only. Increasing the micropolar parameter decreases the liquid velocity and micro rotation and raises the temperature distribution within the region of boundary layer in both branches. Micropolar parameter impedes the boundary layer separation. Velocity and micro rotation fields augment for escalating values of φ in the second solution, while in the first solution, the reverse behavior is seen. Temperature field rises in the upper solution and falloffs in the lower solution due to φ The results exposed that liquid velocity is accelerated and micro rotation is decelerated by modified Hartmann number in both solutions, whereas temperature field is decelerated in the uphill solution and accelerated in the downhill solution. Radiation parameter enhances the temperature and micro rotation fields and reduces the liquid velocity in both solutions. Increasing behavior is observed for an entropy generation in both solutions via K, Re L , and Br. In contrast, an entropy generation augments due to φ and declines due to R d in the first solution.
